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(54) Method of fabricating semiconductor memory device 



(57) A method of fabricating a semiconductor mem- 
ory device comprises the steps of: (a) forming an inter- 
layer insulating film on a semiconductor substrate, 
opening a contact hole in said interlayer insulating film, 
and burying a plug in said contact hole; (b) forming a 
first insulating film on said interlayer insulating film in- 
clusive of said plug, and forming a trench in said first 
insulating film above said plug; (c) forming a first con- 
ductive film on said first insulating film inclusive of said 



trench, and etching back said first conductive film by a 
chemical mechanicalpolishing method to form a bottom 
electrode inside said trench; (d) forming a high dielectric 
film or a ferroelectric film and a second conductive film 
in this order on said first insulating film inclusive of said 
bottom electrode: and (e) patterning simultaneously 
said high dielectric film or ferroelectric film and said sec- 
ond conductive film to form a capacitor insulating film 
and a top electrode. 
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D scription 

BACGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] This invention relates to a method of fabricat- 
ing a semiconductor memory device. More particularly, 
this invention relates to a method of fabricating a semi- 
conductor memory device which includes formation of 
miniature capacitors through electrode formation using 
a CMP method in order to achieve a high integration 
density in ferroelectric memories and DRAMs. 

2. Description of the Related Art 

[0002] Fig. 3 of the accompanying drawings illustrates 
a ferroelectric memory cell having one-transistor/one- 
capacitor (or two-transistor/ two-capacitor) structure ac- 
cording lo the prior arl. A planar capacitor Cp is formed 
over a transistor Tr with intervention of an insulating film 
30 as shown in Fig. 3. The transistor Tr and the capacitor 
Cp are completely isolated from each other. Therefore, 
after the capacitor Cp is formed on the insulating film 
30, the capacitor Cp and the transistor Tr arc connected 
by local lead wires 31. 

[0003] However, the structure of the memory cell 
shown in Fig. 3 has a large occupying area and is not 
suitable for achieving high integration. 
[0004] To solve this problem, a ferroelectric memory 
cell or a DRAM having a structure in which a contact 
plug 33 made of polysilicon or tungsten is formed on a 
source region 32 of a MOSFET and a stacked capacitor 
Cp is formed over the contact plug 33, has been pro- 
posed. 

[0005] The stacked capacitor Cp shown in Fig. 4 is 
generally fabricated in the following way. A conductive 
film made of a material such as Ir, Ir0 2 /lr, Pt, Ru or Ru0 2 / 
Ru is deposited on a semiconductor substrate including 
transistors, an interlayer insulating film deposited on the 
transistors, and contact holes each being bored in the 
interlayer insulating film and contact plugs each being 
formed inside the contact hole. The conductive film is 
patterned to form bottom electrode (node electrode) by 
dry etching. A ferroelectric film (such as PZT or SBT) or 
a high dielectric film (such as BST) is deposited, and a 
conductive film as a top electrode, made of a material 
such as Ir, Ir0 2 , PI, Ru or Ru0 2 is deposited. The con- 
ductive film and the ferroelectric film (or the high dielec- 
tric film) are patterned to form a common plate (or a drive 
line) by dry etching. 

[0006] However, the conductive film of Pt, Ir, Ir0 2 , or 
the like, used for the top electrode or the bottom elec- 
trode, has generally low reactivity with a halogenated 
gas used for dry etching, and volatility of reaction prod- 
ucts is low, too. Therefore, its etching rate is low and 
fine patterning is difficult to perform. Furthermore, in the 
case of patterns of the order of sub-micron or finer, a 



micro-loading effect is serious and there arise the probr 
lems of adhesion of the reaction products to the conduc- 
tive film and the development of particles. 
[0007] In order to achieve a high integration density 
s of the memories of this kind, it is essentially necessary 
to establish a fine etching technique for inactive metals 
such as Pt and I r. 

[0008] Therefore, Japanese Patent Laid-Open Nos. 
HEI 9(1997)148537 and HEI 7(1995)22518 propose 
10 etching-back by a chemical mechanical polishing (CMP) 
method using a slurry containing a strong acid or alkali 
electrolyte. 

[0009] According to Japanese Patent Laid-Open No. 
HEI 9(1997)148537, for example, a Si0 2 film 42 is 

75 formed on a contact plug 41 in a semiconductor sub- 
strate that includes transistors, an interlayer insulating 
film 40 deposited on the transistors, contact holes 
formed in the interlayer insulating film 40 and contact 
plugs formed inside the contact holes, as shown in Fig. 

20 5. Then an opening is formed in this Si0 2 film above the 
contact plug 41 using a mask, a bottom electrode 43, a 
ferroelectric member 44, a top electrode 45 and a TEOS 
film 46 are serially deposited into this opening. These 
films are then polished simultaneously by a CMP metri- 
cs od. In consequence, an isolated capacitor Cp having a 
recess shape is fabricated inside the opening formed in 
the Si0 2 film and at the same time the TEOS film 46 is 
buried in the recess of the surface of this isolated ca- 
pacitor Cp. A contact hole is opened in 4ha TEOS film 

30 46 at the recess of the isolated capacitor Cp by dry etch- 
ing using a mask. A metal film is formed on the capacitor 
inclusive of this contact hole, and patterning is conduct- 
ed using this metal film as a mask in order to form a 
common plate electrode 47. 

35 [0010] However, such a process requires three 
masks, that is, the mask for forming the opening in the 
Si0 2 film on the contact plug 41, the mask for opening 
the contact hole in the TEOS film 46 and the mask for 
patterning to form the common plate electrode 47. In ad - 

^o dition, such a process requires the CMP method for 
forming the capacitor inside the opening of the Si0 2 film 
42 and a dry etching step for forming the contact hole 
in the TEOS film 46. Furthermore, the contact hole must 
be formed above the resulting capacitor. After all. this 

45 process involves the problem that the formation of the 
contact hole itself will be difficult when further miniatur- 
ization is required. 

[0011] According lo Japanese Patent Laid-Open No. 
HEI 7(1995)22518, a Si0 2 film 52 is formed on a contact 

50 plug 51 in a semiconductor substrate that -has- transis- 
tors, an interlayer insulating film 50, contact holes 
formed in the interlayer insulating film 50 and the contact 
plugs 51 formed inside the contact holes, as shown in 
Fig. 6. An opening is then formed in the Si0 2 film 52 

55 above the contact plug 51 using a mask, and a conduc- 
tive film is deposited on the opening. The conductive film 
is polished by CMP method to form an isolated storage 
electrode 53, that is connected to the contact plug 51 . 
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Next, a ferroelectric film 54 and a Si0 2 film 55 are seri- 
ally deposited on the storage electrode 53. A trench cor- 
responding to a drive line is formed in the Si0 2 film 55 
above the storage electrode 53 using a mask, and a con- 
ductive film is deposited. Subsequently, the conductive 
film is polished by a CMP method so as to form an iso- 
lated drive line 56. 

[0012] However, this process involves the problem 
that when the ferroelectric film is patterned, the ferroe- 
lectric film on a circuit portion around a memory array is 
damaged by plasma caused by dry etching. As a result 
ferroelectric characteristics deteriorate. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides a method of 
fabricating a semiconductor memory device comprising 
the steps of: (a) forming an interlayer insulating film on 
a semiconductor substrate, opening a contact hole in 
said interlayer insulating film, and burying a plug in said 
contact hole; (b) forming a first insulating film on said 
interlayer insulating film inclusive of said plug, and form- 
ing a trench in said first insulating film above said plug; 

(c) forming a first conductive film on said first insulating 
film inclusive of said trench, and etching back said first 
conductive film by a chemical mechanical polishing 
method to form a bottom electrode inside said trench; 

(d) forming a high dielectric film or a ferroelectric film 
and a second conductive film in this order on said first 
insulating film inclusive of said bottom electrode; and (e) 
patterning simultaneously said high dielectric film or fer- 
roelectric film and said second conductive film to form 
a capacitor insulating film and a top electrode. 

[001 4] Further, the present invention provide a meth- 
od of fabricating a semiconductor memory device com- 
prising the steps of: (A) forming an interlayer insulating 
film on a semiconductor substrate, opening a contact 
hole in said interlayer insulating film and burying a plug 
inside said contact hole; (B) forming a first insulating film 
on said interlayer insulating film inclusive of said plug, 
and forming a trench in said first insulating film above 
said plug; (C) forming a first conductive film on said first 
insulating film inclusive of said trench, and etching back 
said first conductive film by a chemical mechanical pol- 
ishing method to form a bottom electrode inside said 
trench; (D) forming a second insulating film on said first 
insulating film inclusive of said bottom electrode, and 
forming a trench in said second insulating film on said 
bottom electrode; (E) forming a side wall spacer of an 
insulating film on a side wall of said trench: (F) forming 
a high dielectric film or a ferroelectric film and a second 
conductive film in this order on said second insulating 
film inclusive of said trench and said side wall spacer; 
and (G) etching back simultaneously said high diel ctric 
film or ferroelectric film and said second conductive film 
by a chemical mechanical polishing method to form a 
capacitor insulating film and a top electrode. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

5 Figs. 1(a) to 1(e) are schematic sectional views 
showing step-wise a method of fabricating a semi- 
conductor device according to one embodiment of 
the present invention: . 

Figs. 2(a) to 2(f) are schematic sectional views 
showing step-wise a method of fabricating a semi- 
conductor device according to another embod iment 
of the present invention; 

Fig. 3 is a schematic sectional view showing princi- 
pal portions of a ferroelectric memory cell structure 
having a planar capacitor according to the prior art; 
Fig. 4 is a schematic sectional view showing princi- 
pal portions of a ferroelectric memory cell structure 
having a stacked capacitor according to the prior 
art; 

Fig. 5 is a schematic sectional view of principal por- 
tions and useful for explaining a fabrication process 
of a ferroelectric memory cell according to the prior 
art; and 

Fig. 6 is a schematic sectional view of principal por- 
tions and useful for explaining a fabrication process 
of a ferroelectric memory cell according to another 
prior art. 



[0016] The method of fabricating a semiconductor de- 
vice according to the present invention includes (a) a 
first step of forming an interlayer insulating film on a 
35 semiconductor substrate, opening a contact hole in the 
interlayer insulating film and then burying a plug inside 
contact hole. 

[0017] The semiconductor substrate that can be em- 
ployed in the present invention is not particularly limited. 
40 Those substrates which are generally used for fabricat- 
ing semiconductor devices can be used. For example, 
substrates made of semiconductors such as silicon and 
germanium, and compound semiconductors such as 
GaAs and InGaAs can be used. Preferred among them 
45 is the silicon substrate. A device isolation film may be 
formed on this semiconductor substrate by a LOCOS 
process or a trench device isolation process. Further- 
more, devices such as transistors, capacitors or resis- 
tors, lead wires, insulating films, and so forth, may be 
so formed either individually or in combination. 

[0018] The interlayer insulating film is formed on the 
semiconductor substrate. The material for this interlayer 
insulating film is not particularly limited so long as it is 
an insulating film. Typical xamples include insulating 
ss films such as a silicon oxide film, a silicon nitride film, a 
PSG film and a BPSG film. These films may be ither a 
single-layered film or a multi-layered film. The insulating 
film can be fabricated by a known process such as CVD 
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method. The film thickness of the interlayer insulating 
film may be generally such that it can function as the 
interlayer insulating film, for example, from about 700 to 
about 3,000 nm. 

[001 9] The contact hole is then formed in this interlay- 
er insulating film. The method of forming the contact 
hole is not limited, in particular. For example, the contact 
hole can be formed by photolithography and etching 
process. The size of the contact hole is not particularly 
limited, either, so long as the contact holes can secure 
electric connection between an upper and a lower layers 
sandwiching the interlayer insulating film. 
[0020] The plug is formed inside the contact hole. 
Preferably, the plug is formed of a conductive material 
to have a flat and smooth surface. Examples of the con- 
ductive material include high melting metals such as ti- 
tanium, tantalum and tungsten, and polysilicon. These 
materials may be formed in a single-layered film or a 
maiti-layered film. A barrier metal made of TiN, TaSiN 
or the like, may be formed at a lower or upper layer or 
the plug in order to secure adhesion with other conduc- 
tive materials. These plug and barrier metal can be 
formed by known methods such as sputtering and vac- 
uum deposition in combination with etching-back, pref- 
erably etching-back by a CMP method. 
[0021] Next, (b) a first insulating film is formed on the 
interlayer insulating film inclusive of the plug, and a 
trench is formed in the first insulating film on the plug. 
[0022] Generally, the first insulating film is formed 
preferably on the entire surface of the interlayer insulat- 
ing film inclusive of the plug. The material of the first 
insulating film is not particularly limited so long as it 
gives a film having an insulating property. Examples in- 
clude single-layered or multi-layered films of silicon ox- 
ide, silicon nitride, TiO s , Ta0 2 , and so forth. Incidentally, 
it is preferred to use a laminate film of TiOg/SiC^ in order 
to improve adhesion with a bottom electrode that is to 
be formed on the plug and will be explained elsewhere. 
These insulating films can be formed by a known meth- 
od such as a C VD method. The film thickness of the first 
insulating film is from about 2,000 to about 3,000 nm, 
for example. 

[0023] The trench is then formed in the first insulating 
film. The trench is preferably formed in such a fashion 
that the trench is situated over the plug with the bottom 
thereof reaching the plug, covers the plug as a whole 
and expands up to and over the outer peripheral portion 
of the plug. The size of the trench determines substan- 
tially the size of the bottom electrode that is to be formed 
by a later-appearing step. The trench can be formed by 
a known method such as photolithography and etching 
process. Incidentally, after the trench is formed in the 
first insulating film, a side wall spacer may be formed by 
another insulating material as described above on the 
side wall of the first insulating film. 
[0024] Next, (c) a first conductive film is formed on the 
first insulating film inclusive of the trench, and is then 
etched back by a CMP method to form the bottom elec- 



trode. 

[0025] Generally, the first conductive film is preferably 
formed on the entire surface of the first insulating film 
inclusive of the trench. The material for the first conduc- 
5 tive film is not limited, in particular, so long as it is an 
ordinary electrode material. Particularly preferred is a 
single-layered film or multi-layered film of Pt, Ru, lr, IrO^ . 
Ru or IrOg/lr. The film thickness of this first conductive 
film is preferably greater than the depth of the trench 
10 formed previously. The film thickness is : for example, 
from about 500 to about 2,000 angstroms. The first con- 
ductive film can be formed by a known method such as 
a CVD or MOCVD method, sputtering, plating or elec- 
troplating. Among them, the MOCVD method and elec- 
ts troplating are preferred from the aspect of coverage per- 
formance. More precisely, in the case of the MOCVD 
method, an organic metal complex of Pt or lr having a 
relatively high vapor pressure as a starting material is 
thermally decomposed. In the case of electroplating, an 
20 electrolyte of H 2 [PtCI 4 ], H 2 [Pl(N0 2 )], H 2 [Pl(CN) 4 ], lr 2 
(S0 4 ) 3 , M • lr(S0 4 ) 2 • 12H 2 0 or the like is electrolyzed. 
Incidentally, because electroplating needs a seed layer 
constituted of the same metal, a film of the same metal 
as the first conductive film to be made is formed in ad- 
25 vancc as the seed layer by sputtering, an ion metal plas- 
ma process or the like. 

[0026] The first conductive film is etched back by a 
CMP method to give the bottom electrode only inside 
the trench. In other words, the first conductive fiJm that 
30 exists on the first insulating film other than inside the 
trench is removed by etching. Here, the CMP method is 
a polishing method that is carried out by preparing first 
a slurry by mixing a solution capable of dissolving the 
metal constituting the first conductive film, with a polish- 
es ing agent such as Ce0 2 , Zr0 2 or Al 2 0 3 , and applying 
the slurry to a to-be-etched object on a rotary plate at a 
feed ratio of 1 50 to 200 seem. The solution for dissolving 
the metal constituting the first conductive film is aqua 
regia for Pt and a solution of sodium hydroxide or po- 
40 tassium/KN0 3 for lr. If the film thickness of the first con- 
ductive film is smaller than the depth of the trench, the 
bottom electrode can be shaped into a recess shape on- 
ly inside the trench. If the film thickness of the first con- 
ductor is substantially equal to or greater than the depth 
45 of the trench, the bottom electrode can be formed inside 
the trench with its surface being flat and keeping the 
same level as the surface of the first insulating film. 
[0027] Furthermore, (d) a high dielectric film or a fer- 
roelectric film and a second conductive film are formed 
50 jn this order on the first insulating film inclusive of the 
bottom electrode. The high dielectric film or the ferroe- 
lectric film and the second conductive film are preferably 
formed on the entire surface of the first insulating film 
inclusive of the lower electrode. Here, the high dielectric 
55 fi| m or the ferroelectric film functions as a capacitor in- 
sulating film. For example, the high dielectric film is 
formed of (Ba, sr)Ti0 3 and the ferroelectric film is formed 
of PbTi x 2r 1 . x 0 3 (0 < x < 1 ) or SrBi 2 Ta 2 0 9 . The film thick- 
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ness of these films is from about 500 to about 2,000 ang- 
stroms. These films can be formed by a known method 
such as a MOCVD method, sputtering, a MOD method 
or a sol-gel method. After these films are formed, an an- 
nealing treatment is preferably carried out in an atmos- 
phere of oxygen, oxygen/nitrogen oxygen/argon or the 
like, at a temperature within the range of about 400 to 
about 800°C for 30 seconds to several hours. 
[0028] The second conductive film may be made of 
the same material in the same thickness by the same 
method as the first conductive film. Incidentally, the first 
and second conductive films need not always be made 
of the same material and shaped into the same film 
thickness, but can be adjusted appropriately depending 
on characteristics of the semiconductor devices and el- 
ements and ah insulating film disposed on their lower or 
upper layer. 

[0029] Subsequently, (e) the high dielectric film or the 
ferrolectric film and the second conductive film are pat- 
terned simultaneously to form a capacitor insulating film 
and a top electrode. 

[0030] The high dielectric film or the ferroelectric film 
and the second conductive film may be patterned into 
the same size as or a greater size than the trench. In 
this way, the capacitor comprising the bottom electrode 
disposed only inside the trench, the capacitor insulating 
film and the top electrode can be formed. 
[0031] The bottom electrode and the top electrode 
can be formed to function as a node electrode, and as 
a common plate electrode or a drive line, respectively. 
[0032] Another method of fabricating a semiconduc- 
tor device of the present invention forms a bottom elec- 
trode in its process steps (A) to (C) in the same way as 
the steps (a) to (c) described above. In this case, the 
bottom electrode is preferably so formed that it exists 
inside a trench and its surface has the same level as a 
first insulating film and has a smooth and flat surface. 
[0033] Next, (D) a second insulating film is formed on 
the first insulating film inclusive of the bottom electrode, 
and a trench is formed in the second insulating film on 
the bottom electrode. 

[0034] The second insulating film can be formed using 
the same material in the same way as the first insulating 
tilm. Since the film thickness of this second insulating 
film determines the film thickness of a top electrode to 
be formed in a subsequent step, the second insulating 
film is preferably shaped in a film thickness correspond- 
ing to the film thickness of the lop electrode. For exam- 
ple, it is from about 2,000 to about 5,000 angstroms. 
[0035] The trench is then formed in the second insu- 
lating film on the lower electrode. This trench can be 
formed by the same method as the trench is formed in 
the first insulating film in the process step (b). The size 
of the trench is not particularly limited, but the trench is 
pr f rably in such a siz as to cover the bottom elec- 
trode and to expand beyond the outer peripheral portion 
of th bottom elect rod . 

[0036] Furthermore, (E) a side wall spacer of an insu- 



lating film is formed on a side wall of the trench. In this 
case, the insulating film side wall spacer may be formed 
by forming a film of the same material as that of the first 
insulating film, preferably Ti0 2 or Ta0 2 , in a film thick- 

5 ness of about 200 to about 1,000 angstroms and etching 
back the film using RIE. The insulating film side wall 
spacer can prevent deterioration of a silicon oxide film 
and a high dielectric film or a ferroelectric film to be 
formed in a later-appearing step due to their mutual con- 

10 tact. 

[0037] Next, (F) a high dielectric film or a ferroelectric 
film and the second conductive film are formed in this 
order on the second insulating film inclusive of the 
trench and the insulating film side wall spacer. General- 
's ly, the high dielectric film or the ferroelectric film and the 
second conductive film are preferably lormed on the en- 
tire surface of the second insulating film. Incidentally, 
these films can be formed of the same materials by the 
same methods as those of the step (d) described above. 
20 [0038] Subsequently, (G) the high dielectric film or the 
ferroelectric film and the second conductive film are si- 
multaneously etched back by a CMP method to provide 
a capacitor insulating film and a top electrode. Etching- 
back in this case can be carried out in the same way as 
2S in tho process stop (c). In this way, the top electrode can 
be formed inside the trench so that its surface has the 
same level as the second insulating film and has a flat 
and smooth surface. 

[0039] Hereinafter, methods of fabricating a semicon- 
30 ductor device according to preferred embodiments of 
the present invention will be explained with reference to 
the accompanying drawings. However, the present in- 
vention is in no way limited to these embodiments. 

35 Embodiment 1: 

[0040] Initially, an interlayer insulating film comprising 
a Si0 2 film 2 having a thickness of about 1 to 1 .5 jam 
and a SiN film 3 having a film thickness of about 500 

40 angstroms is formed on a silicon substrate 1 on which 
transistors are fabricated, as shown in Fig. 1(a). Contact 
holes are formed in this interlayer insulating film, and a 
doped polysilicon film having a thickness of about 1 ,000 
to about 3,000 angstroms is deposited. This doped poly- 

45 silicon film is etched back by RIE and is buried into each 
contact hole to form a plug 4. Next, a TiN film, a TaSi 
film, etc, are deposited on this plug 4, and are etched 
back by CMP method to form a barrier metal 5 having a 
flat surface. 

50 [0041] As shown in Fig. 1(b), a first insulating film 
comprising an Si0 2 film 6 having a film thickness of 
about 2,000 to about 3,000 angstroms and a Ti0 2 film 
7 having a film thickness of about 200 to about 1,000 
angstroms is d posited. An opening is then formed, over 

55 each plug 4, at each position corresponding to a storage 
electrode of a capacitor. Incid ntally, when the first in- 
sulating film has a two-layered structure of a Ti0 2 /Si0 2 
film, adhesion can be secured between the first insulat- 
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ing film and a ferroelectric film when the ferroelectric film 
is deposited in a subsequent process step. 
[0042] As shown in Fig. 1 (c). a Pt film 8a having a 
film thickness of about 500 to about 2,000 angstroms is 
formed on the first insulating film inclusive of the open- 
ings. Here, the Pt film 8a is formed by thermally decom- 
posing an organic metal complex of Pt having a relative- 
ly high vapor pressure. 

[0043] Subsequently, the Pt film 8a existing outside 
the opening is polished by CMP method as shown in 
Fig. 1 (d), and a node electrode 8 serving as a recessed 
bottom electrode is formed only inside each opening. 
Here, the CMP method means a chemical mechanical 
polishing method that uses a slurry prepared by mixing 
a polishing agent such as Ce0 2 , Zr0 2 or Al 2 0 3 with a 
solution dissolving therein Pt, such as aqua regia. 
[0044] Next, a PZT film 9 is formed as a ferroelectric 
film to a film thickness of 500 to 2,000 angstroms on the 
node electrode 8 by MOCVD method, for example, as 
shown in Fig. 1(e). Annealing is then carried out al a 
temperature of about 700°C for about 10 minutes. An Ir 
film 1 0 having a film thickness of 500 to 2,000 angstroms 
is formed by MOCVD method, for example. A capacitor 
insulating film is formed in a width greater than the open- 
ing in which tho nodo electrode 8 is formed. At the same 
time, a drive line is formed, or a plate electrode is formed 
outside a memory cell array. 

[0045] According to this method, it is not necessary to 
form the contact hole on the plate electrode to serve as 
the top electrode of the capacitor and to further form the 
drive line. Therefore, the fabrication steps can be sim- 
plified. 

Embodiment 2: 

[0046] initially, an interlayer insulating film, contact 
holes, plugs 4 and barrier metals 5 are formed on a sil- 
icon substrate 1 in the same way as in Embodiment 1 
as shown in Fig. 2(a). 

[0047] Next, as shown in Fig. 2(b), a first insulating 
film comprising an interlayer Si0 2 film 6 having a film 
thickness of about 1 ,000 to about 3,000 angstroms and 
an interlayer Ti0 2 film 7 having a film thickness of about 
200 to about 1 ,000 angstroms is deposited. Each open- 
ing is formed at a portion, above the plug 4, that corre- 
sponds to each storage electrode of a capacitor. A Pt 
film 18a having a film thickness of about 500 to about 
2,000 angstroms is formed on the first insulating film in- 
clusive of the openings. Here ; the Pt film 18a is formed 
by MOCVD method that thermally decomposes an or- 
ganic metal complex of Pt having a relatively low vapor 
pressure. 

[0048] Subsequently, the Pt film 18a existing outside 
the openings is polished by CMP method as shown in 
Fig. 2(c), and a node electrode 1 8 as a bottom electrode 
to be buried into each opening is formed. 
[0049] Next, as shown in Fig. 2(d), a second insulating 
film comprising a Si0 2 film 16 is formed on the Ti0 2 film 



7 inclusive of the node electrode 18, and each opening 
is formed at a position, over the node electrode 18. that 
corresponds to the drive line of the capacitor. An about 
200 to about 1 ,000 A-thick Ti0 2 film is deposited onto 
s this opening and is etched back in order to form a side 
wall spacer of the Ti0 2 film 17 on the side wall of the 
Si0 2 film 16. 

[0050] Furthermore, as shown in Fig. 2(e), a PZT film 
19a as a ferroelectric film is formed to a film thickness 

10 of 500 to 2,000 angstroms by MOCVD method on the 
Ti0 2 film 17 inclusive of the openings. Annealing is car- 
ried out at a temperature of about 700°C for about 10 
minutes. For example, an Ir film 20a having a film thick- 
ness of about 500 to about 2,000 angstroms is formed 

15 by MOCVD method. 

[0051] As shown in Fig. 2(f), the PZT film 19a and the 
Ir film 20a that exist outside the openings are polished 
by CMP method in the same way as described above. 
The ferroelectric film 1 9 and the drive line 20, each being 

20 of the type thai buries the opening, are thus formed. 
[0052] According to this method, only two masks are 
necessary; that is, the mask for forming the openings in 
the first insulating film on the contact plugs 4 and the 
mask for forming the openings in the second insulating 

25 film on the node clcctrodo 1 8. Therefore, tho fabrication 
process can be simplified. Moreover, because dry etch- 
ing is not conducted, the plasma damage to the ferroe- 
lectric film can be lowered. 

[0053] in the capacitor formation step in the DRAM 
30 having the one-transistor/one-capacitor structure or in 
the ferroelectric memory device, the present invention 
forms the bottom electrode or all of the bottom electrode, 
the capacitor insulating film and the top electrode, and 
patterns them by CMP method. Therefore, the present 
35 invention can form the very fine capacitor capable of 
coping with high integration without inviting complication 
of the fabrication process and without imparting etching 
damage to the ferroelectric member, and can thus fab- 
ricate a semiconductor device capable of coping with 
40 high integration and scale-down of semiconductor de- 
vices. 



Claims 

45 

1. A method of fabricating a semiconductor memory 
device comprising the steps of: 

(a) forming an interlayer insulating film on a 
so semiconductor substrate, opening a contact 

hole in said interlayer insulating film, and bury- 
ing a plug in said contact hole; 

(b) forming a first insulating film on said inter- 
layer insulating film inclusive of said plug, and 

55 forming a trench in said first insulating film 

above said plug; 

(c) forming a first conductive film on said first 
insulating film inclusive of said trench, and 



7 



^SDOCID' <EP 1017096A2 I > 



11 



EP 1 017 096 A2 



12 



etching back said first conductive film by a 
chemical mechanical polishing method to form 
a bottom electrode inside said trench; 

(d) forming a high dielectric film or a ferroelec- 
tric film and a second conductive film in this or- s 
der on said first insulating film inclusive of said 
bottom electrode; and 

(e) patterning simultaneously said high dielec- 
tric film or ferroelectric film and said second 
conductive film to form a capacitor insulating 10 
film and a top electrode. 

2. A method of fabricating a semiconductor memory 
device comprising the steps of: 

15 

(A) forming an interlayer insulating film on a 
semiconductor substrate, opening a contact 
hole in said interlayer insulating film and bury- 
ing a plug inside said contact hole; 

(B) forming a first insulating film on said inter- zo 
layer insulating film inclusive of said plug, and 
forming a trench in said first insulating film 
above said plug: 

(C) forming a first conductive film on said first 
insulating film inclusive of said trench, and 25 
etching back said first conductive film by a 
chemical mechanical polishing method to form 

a bottom electrode inside said trench; 

(D) forming a second insulating film on said first 
insulating film inclusive of said bottom elec- 30 
trode. and forming a trench in said second in- 
sulating film on said bottom electrode; 

(E) forming a side wall spacer of an insulating 
film on a side wall of said trench; 

(F) forming a high dielectric film or a ferroelec- 35 
trie film and a second conductive film in this or- 
der on said second insulating film inclusive of 
said trench and said side wall spacer; and 

(G) etching back simultaneously said high die- 
lectric film or ferroelectric film and said second 40 
conductive film by a chemical mechanical pol- 
ishing method to form a capacitor insulating film 
and a top electrode. 

.3. A method of fabricating a semiconductor memory *s 
device according to claim 1 or 2, wherein each of 
said bottom electrode and said top electrode is 
made of Pi, Ru, Ir, IrO^Ru or IrO^lr. 



6. A method of forming a capacitor in a semiconductor 
memory device, comprising: 

forming a contact plug in a contact hole formed 
in an interlayer insulating film to provide a con- 
nection to a circuit element formed in a semi- 
conductor substrate beneath the interlayer in- 
sulating film; 

forming another insulating film above the inter- 
layer insulating film and forming an opening in 
said another insulating film over said contact 
plug; 

forming said capacitor to have a lower elec- 
trode in electrical connection with said contact 
plug, a high dielectric film or a ferroelectric film, 
and an upper electrode, at least said high die- 
lectric or ferroelectric film and said upper elec- 
trode being formed within said opening. 

7. A semiconductor memory device comprising 

a semiconductor substrate; 
an interlayer insulating film on said substrate 
and having therein a contact hole over a circuit 
clement formed in the substrate, said contact 
hole being filled so as to form a contact plug; 
another insulating film above the interlayer in- 
sulating film and including an opening over the 
contact plug; and 

a capacitor, said capacitor comprising a bottom 
electrode electrically connected to said contact 
plug, a high dielectric or ferroelectric film 
formed within said opening, and an upper elec- 
trode formed on the high dielectric or ferroelec- 
tric film and also within the opening. 

8. A semiconductor memory device according to claim 
7, wherein said bottom electrode is also formed 
within said opening. 

9. A semiconductor memory device according to claim 
7, including a further insulating film disposed be- 
tween said interlayer insulating film and said anoth- 
er insulating film, and including a further opening 
disposed between said contact plug and said open- 
ing in said another insulating film, 

wherein said bottom electrode is formed in 
said further opening. 



4. A method of fabricating a semiconductor memory so 
device according to claim 1 or 2, wherein said high 
dielectric film is made of (Ba, Sr)Ti0 3 and said fer- 
roelectric film is made of PbTiZr 1 . x 0 3 or 
SrBi 2 Ta 2 0 9 . 

55 

5. Am thod of fabricating a semiconductor memory 
d vice according to claim 2, wherein said side wall 
spac r is made of Ti0 2 or Ta0 2 . 
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Fig. 6 (Prior Art) 
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